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(54) OPTICAL CIRCULATOR AND OPTICAL SWITCH 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 4-port optical circulator which has low loss 
and high isolation by using a polarized light beam splitter which is inexpensive, small- 
sized, and easily manufactured. 

SOLUTION: Four terminal units 12-1, 12-2, 12-3 and 12-4 are formed by arranging 
small-sized nonreciprocal rotary polarizers 1 1 in parallel so that triangular prisms 3 and 
parallelogram prisms 4 on the upper base surfaces of small-sized compound polarized 
light beam splitters 6 are made reverse between the top and bottom, and the upper base 
surface of the beam splitter of each unit is an input/output port for light. A large-sized 
nonreciprocal rotary polarizer 24 is sandwiched between the lower base surface of a 
large-sized beam splitter 20 and the lower base surfaces of two large-sized compound 
polarized light beam splitters 16a and 16b which arranged in parallel. On the upper 
base surface of the large-sized beam splitter 20, two units 12-1 and 12-4 are arranged in 
parallel, and the units 1 2-2 and 1 2-4 are coupled with the upper base surface of the two 
intermediate-size beam splitters 16a and 16b. 
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Sfc:*^^MaRJI3t?2 4 1fim-TktixX\^^ . ;*JBt* 
-AXr >J -y 2 0<r>±jm>,Z 2ffl<0JL- .y M 2 - 1 
12-4*«M5iIiiia$*l. JL->yhi2-2i:12-4 
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4ffl<0«SffpJLri»/h (12-1. 12-2. 12- 10 

3 . 1 2 - 4 ) /^ffic7>^^^l^tb- Axr U -/ ^' 

( 6 ) <r)Tim<r>^r^)XM.u ( 3 ) t^wssmr 
yXA^ (4) C5vHc^^a»t:Ufc/J«<^HBKISE 
( 1 1 ) *«ife9lt:ffig$futt<^-C*0. *SS^J- 
-«y h<^mE/M«^3fet*-Axr 'J •/ ( 6 ) iD± 

:*JB<^^ffl3Cb*-Axr y ( 2 0 ) c^TSiiifc . 

coig^li3tb-A;^ry y^deatieb) cots 
ffii:<OSfc::*^«o^HIKiSat^ (24) *^jitifC 20 

ISa:*J§«^3tb'-Axry •«/ ( 2 0 ) cOJiSiSt 
2fflOl5£Sg?i::i-y h(12-lfcl2-4) ifi^m 

^^ss^^lT^g^$^^•cv^s^:f:fc^c:. fl!K^2flicoBia 

Sg^i-.yh (1 2-2t 1 2-4) 3&>*2mmfE4« 
tt^3tb'-AxrU •y^'(16ai:16b) iOjiSffi 

[iS^JH2l S^ltfeV^T. l5S'3^0 2ffl<^|iia 

a<oiH£¥tfiajajeryxA3ei^fc:EM$ii. 
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PB¥5 - 3 4 6 3 3^^iZ§S&^tUi.mmmt^ 

c:c7)2ffl(7)«]S*ffe1i«0'eii-PtL2fflcoJ&fti''jt-;i/' 
^l£^LT4d?-Mg»fc LTV^S. 
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mmSiZ^Fcfiiolz. ;K-M~4t:*ti5^&4o<0 
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J--yM2-l. 12-2, 12-3, 1 2-4«. 

mmiz\im-mm>^(o^m\K ^<r>^tmi:mx.x 
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7r'fAli:, /J^«-^3tb--AX7-y-y^' (J^T. 

;t'/j^MaRte3K^i 1 tx'mmtix\^h. 

[001 8,1 #'J#jP B S 6J±. fift-l^H^^T-y X 

A3i:. mnifiA:ik<ni^^miMr^yxM.A<n-^h 
x-mmmsisiiw^x'-wi^^tytii^m^im^ix 

X\^h, ^LX. -e<0/I^PBS6<o±K®fc:3K7r'f 
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Mt^MBR«B6?i i*i^aa$*i-cv^s. 
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\izmma^^h^M£aiotii^(:>m^^ixx\^h, 

-e LT . W>«P B s 6 fffvma\,zfmiiz^^td:i 20 
01/2«:S«7. 8J4. 5v^fc:^»W8<0SBfc^:-> 
-CV^S. i/li. l/2«[^«7. 8£^«K^{4. ±2 
2. 5JSi:LTV^4. S^>t;. :7r77'-|Hlfe?9ti. 

[0 02 01 [4ffl«S»JL-.yhtfl!jC7)flH^^PI 

m B S 2 Oil. ffiftH^fflHIiry 1 7 

fc. j«i*«4 5S<wfTiaia3gryxAi Sf^MBfc-c 

«3fea-S8n8 1 9^SE^■c-f^cfl:$i^^fr^Jg^^JgJ£^^t 

TV^S. C:tf):*^PBS2 0<OJiJSffl(c. .-K-Mfc'-K 
-h3cOJ&?JL:^'yM2-l, 1 2-3*Jil5(fcSB 

[00211 2ffl<0tfMPBS16a, 16btt^tl-f 
it. lil-^jaHftTUXA 1 3 fc . «^**4 5e<7)¥ 

ifHiajgryxAi 4<oHiifcT«*»«Ki 5^^R^ 

cOtMP B S 1 6 a<0±lSffifc:d?- h 2(Dt^:J-=^'/ h 
l2-2im^^tl. <fc)5ro4«PBS16btf5±JKB5 
iZTii- h 4 tfOJg^ y M 2 - 4 *<^SixTV^S , 
[00221 :*:aP B s 2 0<DT&mt . 0E:ft*>'PJrjBj 
fc^S J; 0 K^fcffiB^iut 2 ffl<:04>SP B S 1 6 
a, 16b«OTieiSf:<^ISIfc::*ffl^HaS«E3tF243&5g| 

;^^ainTt3 0 . d?- M cOSi8?^JL- »/ M 2 - 1 fciK 
- h 2 <OSg^ -y M 2 - 2 1 *J»|6rt&Eaii«t: 
^oTV^S. :*JSHBRft3t?24»4. :*SPBS2 0 
i7)TStlDtc*tl6lS;a$ii/v:l/2i!![fi«2 1i:. Cliit: 
mmSM^tvrz4 5&yry'f-m^22t. Z<7)y 

ryT-m^^2 2i:m^imizm^mi^^?>^im 

52 3fc3&>-i»^rS. l/2«;g«21<!«(6^tt»4. ;K- 
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^mih*|6l{C4 5^'m^-t?>. 
[0 0 2 31 iJCtC. ±EUfcflWt<^«H--^*^-:?<0 

[00241 LJt<:-hliPh^-h2^ff>^] :i(om 
*|6|<^«ia»i&02fc:*L-CV^S. d^-MtOJg^'J-r:./ 

yX2To*)j(-h^lx. /j^PBsetcAltL. liTt 

[00251 -E-cOlSa, P«3fet S«36<i/J^P B S 6 

*»^,¥ffK:a{»i-s. pmmmiomT$>*). 1/2 

«^7ir)3l£mfrfiJ4-2 2. 5STJ>S*>^>. P<S 
*|ft4M41/2«;gS7i&aiiSLTffl3t*fi[H-4 5^ 
i:^rO. afrfc7T5T-0lK?9-CRi$tf:i6riii|fc:4 5S 
IIBK-rS<O-Cii*^ris«4OST»0. pmn^ttTh 

ioo26]-1j. sm^mi9o^T$>o. 1/2 20 
mkiRSff)mmimii2 2. smrchni*^. swat 

^rO. S^.{C7r7T-lsII6^9-cmtf*|6lt:4 5S 
liBEi-SO'C«3l95rfl[ttOJK!:^0. PBS6ffli*»4.^ 

TP«3et^$fiS. 

[00271 L3t*»*o-C, 4g^ y M 2- 1 (O^NB 
KBbtf 1 l*'^>{±2*<7)PlB3t<03lS»fc LTJiJStS 

:*^PBS2 0<Oll3Ki)-!iill9*j^U i^P 
B s 2 o<oTSffi<^aftr y XA 1 7 J: 0 {tilths . -e 

Lt:2*tf)P«3K«3j£»<^:^rfiH4O-rCife0. l/2» 30 

m.2\(nimmm\i-2 2. 5grc*>s*»^, p« 

3Kttl/2«:gS2 15riiiatT«3t:l^e«-4 5JSfc 
^rO. aife:7T7T-laI!|g^ 2 2-CRi^thiri6)tc4 5Jg 
Efe-rScO-CffiTfe^rfiHOSfc^O . +SP B S 1 6 a 
«r)3iryXAl 3fc:P«3l£<^«l£8li: LTA»L. Wt 
^W§il5^mkL. sK-h2<^)3g?JL--,M2-2 

cat 2.. 

[00281 d^-h2e>SffFJLri^M 2-2t:*>V^ 
•C, --K-MI!8*><oCOiuE«OPffl31£t'-A<0(i3l£firfi{4 
S^jL- "/ M 2 - 2<r>^^-fjm^h^X-A 5JST2b 40 
0. l/2«fi«i8<%tem6-|6H±tiJA:trii«l*»A>^T2 
2. 5S-CftS*»f>. l/2«S«8S^i®aL«:jjt4)-<0 

xA4i:«3i£»iiiS5-eRat^s. mzi/2mm.i 
<r>mmmmimm^t>^i>t-22. s^-cht 

*>^>, l/2^;SlR7^iffiiL/cIi£^cO(i3K^r{4{40S 
t^rO. Pil3tkLT«3e^*iM55:S®^a. ioT 
S<ipti:Pffl3tJll*<Mlt:^j£$ix. ^-h2<^)l' 
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hi2-2izi5\^X. %yr^^'i^\yyXiyhff)X)i 

mump B s e-vmmmii. fmrntri- 1 1 -c 

23taOSffl3KfcSit. (fSPBSlGt^jg^S. ZZ.<r) 
WHiajgT-'JXA 1 4T^S:g'3SLT:*;^MBR 
fic36?24-CP<l3tfc:3aft5*l> ;*^PBS 20<7)aft 

ryxAi7fcA«i-*. 

[00301 :*JgPBS20K:iJl^T. P(i3tJ±«3(&J)- 
(iiSl 9Sri^L-C3g^^ x h 1 2-3fc:i*r-S. « 
^aJ=.vV\2-3<Z^\yC^ imP^S20ipty<niit 

m.mpm.m^ 1 1 xmsmMz^ix. >mp b s 6 

[00311 h 3*»<i,;K- h 4 A.<7)3e»] ckoIH 
*I^<^«ia»*H4t:S^UTV^S. ,-K-h3«0Jg^a-=.-y 
h 1 2-3'^<07Jj3t{12*<^)S(i3Ki:^r-:>T:*JiPB 
S2 0-CRItSr«IO)SU :*J©MBKIt3B^24t:ilBa 
a<)S«3e<0**T. 4^PBS16bTRSf)&S0)R 
;K-b4(7)3Sg^jL-.y hi 2-4^^0. /hfiPB 
S 6 T^lESiiTsK- h 4 yX. 3^7 r ^N'fcjtT 

[00321 [Hf-b4A»^>dC-M'\03l£»] 

M2-4'^A:^3t«2*<?)Pli3tt*-5-C«t^PB 

si6bi&jffifiu ^mm^&ei(^2A'Qsm:)&cm 

*MPBS2 0-CS3t^S'9iRL-C;K-M<0 
Jgi^j^yM2-ltC^'}. /J^PBS6-C^ti^§<t 

[00331 [Jic- h 1 ii>hff)XWb:fmMm^ i<o 

Mh«S&5-H6tc^LTV^*. 3S^^- yM 2-lfc: 
tJV^T. /hSPBS6<0jBmi:^MBMJS»l l«Olil 
«lt:J:5«ft.3Bi, S<i3tk LTTOHia»ryX 
A18-CRWL, ;*^^HaKifet^24S-jiBSLTt,S 
«7fe<0**-C. Jg?:3.:x^M2-4(^4^PBS16 

hiizmthtm^tatwiki 5xmL. r^-VAom 

[00341 tfe. ;*cSPBS2 0<om3tttfcJ:5jifL 

atcaayi-sisi 9-cssttsp«3K{4¥ffi!9ia»ry 

XAlSTRStt, :*^MaR«t*?24SriiiaafcP 
m^tiX. (fSPBSiebSr^L. JSi'^-)' 
M 2 - 4 c7)^NBRSl3ti^ 1 1 XW^m^izmk^ti. 
/h«PBS6-C^jS$itl.*^i3tfr|SltJttTL. df-h 

[00351 $^>t=. ;*;a^MaS«e3ti^2 4coi5l!!E^ 
fc:J:SSh.3t»l. s«jtt LT+MP b s i 6 ai^)113fc 
^^JfilSl 5TRit$*lS. +SP B S 1 6 aWMJtlfcfc 

J: hwtmi. pm^x'h h-bmmm. 1 5 xm^ 
mmm-=L=^'f v(r>\^^x^\:,i,mmi.. 

[003 61 [;Jf-h2*»^.<0A**<0j|»lg»] i<r) 
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JtS»t*JiP«3ei: LT+SPB S 1 6 ai&iSftU 

[00371 tt:. fmPBsieaL^imtidXtm 

3g^i- y M 2-liO/j^PBS6T 

[00381 $<5>fc:. :*^MaKiSSl&?24<0igiK^ 
tismaeti. Sffi3KtLT:^PBS2 0TR«$ 
its. :^PBS2 0<Ojg3tJt(cJ:Sji*i.3KttP«3tC 

[00391 [^-h3fcJ:t^;K-h4*>^cOA^J3t<0 

mtum'i zco2im<mtimm8bm9iz^ti-^ 20 

^<0A*3t«^- h 2fc:(i3iL^:v^L. sK- h 43&»/?,<?5 

[00401 ijUKojg*. mmp B s ioMm^^MB 

KBBt^^WHi^llfc J: tmtim 3 0 d B fc-r* t . 
Jlf- h 4 — 3— 2 -» 1 -♦4 <?3j£*l^<r)r >f y V-i^ 3 y 

tieodBt^o. 3E^t:sv^T>fyu-i^3>'i&ies 

[00411 [fl!l<^^ltiggS]*lfcB8<03Kl^-=^rJLl'- 
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SiTffili«-SC:f:*>t*#S (1tfc:HlO~Hl2) . 

[ 0 0 4 2 1 ^y::. •t<xh?>^^ii-^<7)mm-^^ 
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AA^tciis^n. m-th2mf^tmrvxj^a)m- 
mb(^mzmmimm/*-&tiix-H¥^^iif:im, 
T-tsi^ (ai 3) . 

[00431 m«c«t{4, miim 1 0 (C*t«Jfi<Ofc 

iOftt. /MP B s 6 t:^P B s 2 0 tm^^izm^ 
&Xoiz^m':J-=^"/hl2-l. 12-2. 12- 

3, 1 2-4&i:TTESt. ^S3l^-hc7)3gi^i- 
«yh(12-li:12-3) &t^«Ba#.-K-h<OSigi^i 
r:-/K12-2. 12-4)m±mS,im(tbX 
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t) , 
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XASbitliiL. i/2mM8ii.mjmsLmruxA 
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[00471 mm2(nimi\izmminmmm 
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